The extrapolation of small-cluster exact-diagonalization calculations is used to examine ferromagnetism in the one-dimensional Hubbard model with a generalized type of hopping. It is found that the long-range hopping with power decaying hopping amplitudes (t ij ∼ q |i−j| ) stabilizes the ferromagnetic state for a wide range of electron interactions U and electron concentrations n. The critical value of the interaction strength U c (q) above which the ferromagnetic state becomes stable is calculated numerically and the ground-state phase diagram of the model (in the U -q plane) is presented for physically the most interesting cases.
1
The Hubbard model has become, since its inception [1] in 1963, one of the most popular examples of a system of interacting electrons with short-range interactions.
It has been used in the literature to study a great variety of many-body effects in metals, of which ferromagnetism, metal-insulator transitions, charge-density waves and superconductivity are the most common examples. Of all these cooperative phenomena the problem of ferromagnetism in the Hubbard model has the longest history. Although the model was originally introduced to describe the band ferromagnetism of transition metals, it soon turned out that the single-band Hubbard model is not the canonical model for ferromagnetism. In fact the existence of saturated ferromagnetism has been proven rigorously only for very special limits. The first well-known example is the Nagaoka ferromagnetism that comes from the Hubbard model in the limit of infinite repulsion and one hole in a half-filled band [2] . Another example where saturated ferromagnetism has been shown to exist is the case of the one-dimensional Hubbard model with nearest and nextnearest-neighbor hopping at low electron densities [3] . Moreover, several examples of the fully polarized ground state have been found on special lattices (special conduction bands) as are the fcc-type lattices [4] , the bipartite lattices with sublattices containing a different number of sites [5] , the lattices with unconstrained hopping of electrons [6] and the flat bands [7] . This indicates that the lattice structure and the kinetic energy of electrons, i.e., the type of hopping play an important role in stabilizing the ferromagnetic state.
In this paper we show that if the electron hopping is described by a more realistic model (than the nearest-neighbor hopping) then ferromagnetism comes from the Hubbard model naturally for a wide range of the model parameters. No extra interactions terms should be included. In particular, we have found that the long-range hopping with power decaying hopping amplitudes t ij given by [8] 
gives rise to ferromagnetism for electron densities above half-filling. As soon as q that controls the effective range of the hopping (0 ≤ q ≤ 1) is different from zero the ferromagnetic state is stabilized for all Coulomb interactions U greater than some critical interaction strength U c (q) that value is dramatically reduced with increasing q. From this point of view one of main reasons why the ferromagnetic state absent in the ordinary Hubbard model with nearest-neighbor hopping (q = 0)
is that the description of the electron hopping was too simplified.
The selection of hopping matrix elements in the form given by Eq. 1 has sev- 
where c + iσ and c iσ are the creation and annihilation operators for an electron of spin σ at site i, n iσ is the corresponding number operator (N σ = i n iσ ) and U is the on-site Coulomb interaction constant.
The exact results on the ground states of the Hubbard model with the generalized type of hopping (Eq. 1) exist only for the special case of q = 1 when the electrons can hop to all sites with equal probabilities [6] . For this type of hopping and the electron filling just above half-filling (N = σ N σ = L + 1, where L is the number of lattice sites) it was shown that the ground state is not degenerate with respect to the total spin S and it is maximally ferromagnetic with S = (L − 1)/2 (for all U > 0). For higher fillings (N > L + 1) the ferromagnetic ground state still exists but it is completely degenerate with respect to S. The limit of infinite-range hopping is, however, the least realistic limit of Eq. 1. It is interesting, therefore, to look at the possibility of ferromagnetism in the Hubbard model with a generalized type of hopping for smaller values of q that describe a much more realistic type of electron hopping.
In this paper we extend calculations to arbitrary q and arbitrary band fillings 
